In this work, conductive polymers were prepared based on polypyrrole (PPy) and its blends with epoxy resin. The chemical syntheses of PPy used two oxidants (Fe 2 (SO 4 ) 3 and FeCl 3 .6H 2 O) and two surfactants (DBSNa and DBSA). PPy samples and their blends were characterized by scanning electron microscopy, electrical conductivity by four points, and measurements of complex parameters of electric permittivity (ε) and magnetic permeability, in the frequency range of 8.2 to 12.4 GHz. The micrographs of the fractured surfaces show that the PPy synthetized in the presence of surfactants has particles with smaller diameters, and the oxidant sulfate favored the formation of elongated structures, called fillets. The analysis of the blends found a homogeneous distribution of PPy clusters in epoxy resin matrix, which did not favor the electrical conductivity of these materials. On the other hand, the measurements of the complex parameters of the permittivity show that the blends have increasing values when the PPy concentration is increased in the epoxy resin.
Introduction
A wide range of polymers is currently available for various purposes. Generally, polymers have been extensively used due to their advantages over other materials such as good mechanical strength, flexibility, environmental stability, low production cost, low density, electrical isolation, and ease processing and shaping. The possibility to associate most of the characteristics of this material class with the property of electrical conductivity has aroused much interest. Hence, the study of conductive polymers has become a widely investigated challenge [1] . The achievement of doped polyacetylene in 1977 [2] and accounts of its intrinsic electrical conductivity (in order of magnitude of some metals at room temperature) started a new area of interest in the Intrinsically Conducting Polymers (ICPs). The chemistry of ICPs offers a variety of synthetic methods. The possibility of their incorporation into different types of matrices has been evaluated to meet different requirements of the final application. Thus, the preparation of blends with ICPs has been increasingly studied, so that the interchain and intrachain electron transfer of ICPs is ensured.
Polypyrrole (PPy), along with polyaniline, is one of the most promising conducting polymers due to its excellent chemical stability, ease of synthesis, high electrical conductivity, and electronic properties. The PPy began to receive greater attention after 1979, when Diaz et al. [3] obtained a black film of PPy from the electrolysis of a pyrrole solution in acetonitrile and tetramethylammonium tetrafluoroborate. In addition to obtaining high electrical conductivity (100 S.cm -1 ), these authors reported that the material can be cycled repeatedly between conductive oxidized and reduced insulator states, showing a redox process between the polymer chain and dopant agent.
Blends of a conventional polymer (insulator) and an ICP can be prepared by various techniques, such as evaporation of the solution containing the mixture of components, polymerization of the conductive polymer in the presence of a conventional polymer matrix, chemical and electrochemical routes [4] , or by mechanical blending, for example, in extruders [5] . This material class has been extensively studied and used in different areas, such as electromagnetic interference shields, sensors, static charge dissipation, and electromagnetic radiation absorbers [6] [7] [8] [9] [10] [11] [12] [13] [14] . Preparing blends of insulating polymers with ICPs in order to obtain radar absorbing materials (RAM), also called microwave absorbers, has as important data the electric conductivity and the complex parameters of electric permittivity of the material [3, 6, 13, 15, 16] . These parameters are affected by the polymer chain size, doping level, dopant type, synthesis method, and procedure used to prepare the blends [16] . Therefore, very strict control of experimental parameters is necessary. Especially in the case of a mixture, it is essential to understand the behavior of the formed phases, because these may modify the final properties of the material.
Hence, the objective of this study is to correlate the morphological aspects of the synthesized polypyrrole in different chemical environments, using two oxidants (ferric sulfate and ferric chloride) and two surfactants (sodium dodecylbenzenesulphonate and dodecylbenzenesulfonic acid) and its blends with epoxy resin, with complex parameters of electric permittivity.
Experimental

PPy synthesis and their blends
The chemical synthesis of PPy was performed using two different routes. The first was done with two different oxidants, ferric sulfate (Fe 2 (SO 4 ) 3 ) and ferric chloride hexahydrate (FeCl 3 .6H 2 O), both from Vetec Pa. The second route used the same oxidants but added two different surfactants, sodium dodecylbenzenesulphonate (DBSNa) and dodecylbenzenesulfonic acid, (DBSA), both from Fluka, with 90% purity, as previously described by the authors [10] . The first route used a 0.05 mol solution of pyrrole in 50 mL of distilled water, added drop by drop to the two oxidizing solutions containing 0. 3 were prepared in 50 mL of distilled water. Separately, 50 mL of aqueous solutions with 0.05 mol of DBSNa and DBSA were prepared, respectively. The solutions with the oxidants and surfactants were mixed and constantly stirred for 15 min. Then, 0.08 mol of pyrrole was transferred into 25 mL of distilled water and added drop by drop to the oxidant/surfactant solution by stirring for 4 h. The PPi obtained was filtered, washed, and dried in a vacuum oven for 16 h.
The PPy/epoxy resin blends were obtained by varying the ratio of PPy in 1, 10, and 20% (w/w) in 4.0 g of an Araldite  professional type epoxy resin, commercially available. The homogenized mixtures were manually poured into aluminum molds with a thickness of 4.0 mm. The curing of the epoxy resin occurred at around 60 °C in an oven for 24 h.
Characterization
Samples of PPy and its blends with epoxy resin were characterized by scanning electron microscopy (SEM), in a LEO equipment, model 435 Vip, using cryogenic fracture surfaces, metalized with gold.
Electrical conductivity measurements of the blends were performed using the 4 tip method [17] , with 1.27 mm distance between the tips, as presented in a previous study [10] . Measurements were performed in triplicate with an equipment from Cascade Microtech C4s-64 coupled to a Keithley 236 source, a multimeter and an ammeter, using 13 mm diameter and 1 mm thick samples.
The parameters of complex permittivity (ε'-real component, related to the storage; and ε"-imaginary component -related to losses) and magnetic permeability (µ' and µ"-real and imaginary components, respectively) of samples were evaluated using an vector network analyzer HP 8510C, adapted with a rectangular waveguide in the frequency band from 8.2 to 12.4 GHz. Sample sizes were equal to 22.86 mm × 10.30 mm × 9.0 mm. The Nicolson-Ross model was used to calculate ε, and μ [18] [19] [20] .
Results and Discussion
Scanning electron microscopy was used to evaluate the morphology of the synthesized samples of PPy and its blends with epoxy resin, for the effect of the oxidants and surfactants used. The morphologies of the fracture surfaces of PPy samples without addition of surfactant (PPy-SO 4 and PPy-Cl, respectively) are shown in Figure 1 . These micrographs illustrate the formation of clusters of globular particles of about 1 µm. The micrographs of samples prepared with the addition of the surfactant show more compact morphology. In the sample of PPy-SO 4 -DBSNa, for example, there is a deformation and decrease of particles, with the initial formation of thin, elongated structures, called fillets in this study. For the sample of PPy-Cl-DBSNa (with the same surfactant), the behavior is similar, but with a more compact structure without the formation of fillets.
The PPy-SO 4 -DBSA sample presents a more distinct morphology, with the formation of both grains and larger fillets. The sample of PPy-Cl-DBSA has clusters of particles, but no formation of fillets as in the samples prepared with Fe 2 (SO 4 ) 3 .
The elongated structures, called fillets in this study, which are found in the samples synthesized in the presence of sulfate and the two surfactants (PPy-SO 4 -DBSA and PPy-SO 4 DBSNa), are attributed to the formation of cylindrical micelle, as shown in Figure 2 . However, the samples obtained with the oxidant chloride are characterized by the formation of spherical micelles. This behavior is attributed to the larger volume of oxidant sulfate, which when combined with the surfactant induces the formation of thermodynamically more stable structures through the nucleation of cylindrical micelles [21] [22] [23] [24] . In the case of DBSNa, the increased volume of this surfactant molecule is favored by the formation of more robust fillets.
Correlation of the observations made by SEM with electrical conductivity data previously published by the authors for these same samples [10] allows to infer that the fillets increase electrical conductivity values (8.9 and 13 S.cm -1 for the PPy-SO 4 -DBSNa and PPy-SO 4 -DBSA polymers, respectively). This suggests that this type of structure is formed by more linear polymer chains, which favors the conduction of electrons. Figure 3 illustrates aspects observed in cluster-rich regions in the blends processed by mixing the six different synthesized PPy polymers (PPy-Cl, PPy-SO 4 , PPy-Cl-DBSNa, PPy-Cl-DBSA, PPy-SO 4 -DBSNa, and PPy-SO 4 -DBSA) in epoxy resin at a percentage of 1% (wt/wt). The analysis of the regions containing the clusters shows that the interaction between the two components of the PPy/epoxy resin blend is good, without the presence of loose particles, and forms smooth resin regions. These aspects are very clear in the micrograph of the PPy-SO 4 -DBSA sample, which highlights the fillets covered by the epoxy resin matrix. The samples obtained with the chlorinated oxidant (PPy-Cl-DBSNa and PPy-Cl-DBSA) show the globular particles of the PPy matrix.
Despite the good interaction of PPy polymers in epoxy resin matrix, the smaller magnifications show that the obtained blends are formed primarily of PPy agglomerates homogeneously distributed in the epoxy resin matrix. The blends with 1% (wt/wt) of PPy have extensive smooth regions of epoxy resin, which are typical of fractured surfaces of fragile materials found in thermoset matrices.
Figures 4 and 5 show the morphological characteristics of the blends obtained by incorporating 10 and 20% (wt/wt) of PPy into the epoxy resin, respectively. These images shows that the increased concentration of the PPy in the blends creates a more brittle material, as illustrated in Figure 4 for samples PPy-SO 4 -10%/epoxy resin and PPy SO 4 -DBSNa-10%/epoxy resin as well as in Figure 5 for the sample PPy-Cl-DBSNa-20%/epoxy resin. The brittle aspect is observed by the presence of regions with loose plates. [21] . However, all the prepared samples present good interaction of the components. Blends with increased concentration of conductive polymer with 10 and 20% (wt/wt) of PPy did not display the fillet structures, suggesting that these were well incorporated into the epoxy resin.
The electrical conductivity measurements of all blends show insulating behavior. This indicates that the percolation threshold was not met because the PPy formed agglomerates into the epoxy resin matrix or that the PPy was undoped during the preparation of the blend with the epoxy resin. Despite this behavior, the literature [10] shows that some of the same blends studied in this work behave as radar absorbing material and show a good interaction with the electromagnetic wave, attenuating up to 95% of the incident radiation. In this case, one must consider that the mechanisms of loss that occur in the dielectric absorbers, such as those studied in this work, can occur through ohmic losses and/or dielectric losses, Equation 1 [25] [26] [27] . In such cases, the total electrical conductivity (σ Τ ) comprises a static component (σ -electrical conductivity) and a dynamic component (ωε") (Equation 1), where the complex electric permittivity (ε) of a material is defined according to Equation 2 [25, 26] .
where: ω is the angular frequency; ε' -is the real part of electric permittivity, related to the storage component; and ε" -is the imaginary part of electric permittivity, related to the loss component.
From the insulating behavior observed in electrical conductivity (σ) measurements of the studied blends, the variation of complex parameters ε and μ of these materials was investigated. Figure 6 shows the curves of real and imaginary components of the electric permittivity and magnetic permeability of the used epoxy resin. The blends containing 1% (wt/wt) of PPy in epoxy resin had values of real and imaginary components of electric permittivity very similar for all the six blends prepared. This result shows that this concentration (1% wt/wt) is too low to change the complex parameters of epoxy resin matrix.
The complex parameters show a slight variation with the frequency, with the tendency to decrease with increasing frequency [25, 26] . However, in the rated frequency range (8.2 to 12.4 GHz) and the ordered scale used, Figure 6 shows that the complex parameters of epoxy resin varied only a little with increasing frequency. Table 1 shows these values at a frequency of 10 GHz. Figure 6 also shows that the curves of µ' and µ" are around 1 and 0, respectively. These values were expected and are typical of dielectric materials [19, 26] . Figures 7 and 8 show curves of the real and imaginary components of electric permittivity and magnetic permeability of the blends containing 10 and 20% (wt/wt) of PPy, respectively. Tables 1 and 2 summarize the values of the complex electric permittivity, at 10 GHz, of blends containing 10 and 20% (wt/wt) of PPy, respectively.
Contrary to that observed for the epoxy resin and its blends with 1% (wt/wt) of PPy, Figures 7 and 8 show that the blends with 10 and 20% (wt/wt) of PPy have significant variations of complex parameters of ε. In this case, greater concentration of PPy in epoxy resin increased the values of the complex parameter of the blend. Therefore, PPy was not undoped during the preparation of the blends, as these samples show values of real and imaginary components of the electric permittivity higher than those measured for the net epoxy resin (without the addition of PPy). The analysis of results for the blends with 10 and 20% (wt/wt) of PPy-Cl-DBSA in the epoxy resin shows that these samples exhibit anomalous behavior, in both Table 1 and  Table 2 . This suggests that the synthesis of this PPy sample may have suffered some interference and was disregarded in our analysis.
The correlation of the electrical conductivity values, where the blends behave as insulating materials (σ approximately zero), with the data from complex parameters of electric permittivity shown in Tables 1 and 2 , it is possible to affirm that the prepared blends have losses mostly by dynamic conductivity (ωε"), as shown in Equation 1. This result is consistent with the morphologies observed in Figures 1, 3, and 4 , in which fractured surfaces consist of distributed clusters of PPy particles isolated by amorphous regions of epoxy resin. These characteristics result in behavior of an insulating material, even though electrically conductive particles were added, as shown in literature [10] .
The correlation of morphological aspects observed in Figures 1, 3, and 4 with the permittivity data presented in Table 2 allows also to conclude that the DBSNa surfactant is what favored the production of the most promising PPy samples for RAM processing. In this case, the texture of clusters, which consist of spherical particles of smaller sizes (Figure 1 : PPy-Cl-DBSNa and PPy-SO 4 -DBSNa), favors getting the best values of complex parameters. Despite the presence of the fillets in the net PPy samples, which favor the electrical conductivity, as shown in the literature [10] . This study shows that this type of structure does not help increase complex parameters of ε in the samples blended with the epoxy resin.
Conclusions
This study involves polypyrrole polymer blends with epoxy resin, using PPy obtained with two different oxidants (Fe 2 (SO 4 ) 3 and FeCl 3 .6H 2 O) and two surfactants (DBSNa and DBSA), respectively. Scanning electron microscopy evidenced that the synthesis of PPy in the presence of surfactants decreased the diameter of the particles, and the use of oxidizing sulfate favored the formation of elongated structures, called fillets. The presence of these elongated structures is attributed to steric hindrance of bulky sulfate group in combination with the surfactants, which favored the formation of cylindrical micelles. Although the literature shows that similar samples of PPy are conductive, this study reports that these polymer blends with epoxy resin are insulators. This behavior is attributed to the formation of clusters in the blends, which do not allow the percolation limit to be reached. Measurements of the complex parameters of electric permittivity show that the blends with 10 and 20% (wt/wt) of PPy have increasing values of these parameters with increased concentration of the conductive polymer in the epoxy resin. In this case, the most promising data were obtained for blends containing 20% (wt/wt) of PPy-Cl-DBSNa and PPy-SO 4 -DBSNa (ε'= 9.4384 and 8.1288, and ε"= 2.6441 and 1.9301, respectively), evidencing the positive effect of DBSNa surfactant in the synthesis of PPy. The correlation of the data obtained in this study with results in the literature, for the same samples, shows that the losses of electromagnetic radiation for the studied blends are dominated by the dynamic conductivity (ωε") and not by ohmic losses (conductivity by four points).
